Aim: Neonatal therapy-resistant septic shock is a common problem in middle and lowincome countries. We investigated whether newborn infants with infection and therapyresistant hypotension showed evidence of abnormal levels of cortisol or cortisol precursors.
INTRODUCTION
Circulatory collapse is a complication of neonatal infection. Despite treatment with intravenous fluids and vasopressors, adequate blood flow to vital organs is affected and lifethreatening neonatal complications are common (1) . Clinical findings observed in neonates with infection, such as hypotension and decreased urine output, are similar to the symptoms of adrenal insufficiency. The immaturity of the hypothalamic-pituitary-adrenal axis (HPA axis) in the neonatal period can lead to an inadequate response to stressful conditions, which may contribute to circulatory collapse. Volume supplementation and inotropes are the treatments of choice. However, a significant proportion of newborn infants who suffer from septic shock with refractory hypotension may respond favourably to corticosteroids (1) .
Cortisol in the early days of life in preterm infants can be affected by an intrinsic transient defect in synthesis because of the immaturity of the HPA axis (2, 3) . Later in infancy, immaturity of the HPA axis limits the ability to increase cortisol production in response to stressful conditions (4) and adrenal insufficiency may be prevalent in critically ill children with systemic inflammatory response syndrome and vasopressor dependent shock (5).
Adrenal insufficiency is diagnosed when baseline cortisol levels are less than10 microgram/dl (6) and a single random cortisol measurement reflects the adrenal status of the newborn infant to some extent (7). Relative adrenal insufficiency is present when the cortisol response to stress is inadequate (8) and serious adrenal insufficiency may present with life-
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This article is protected by copyright. All rights reserved. All neonates with signs and symptoms of infection, including diminished spontaneous activity, less vigorous sucking, anorexia, apnea, bradycardia and temperature instability, laboratory evidence of infection, were divided into groups A and B.
Group A neonates had infection and manifestations of circulatory collapse, including refractory hypotension and oliguria. Refractory hypotension was defined as a mean blood pressure < 10% percentile for age not responding to high dose inotropes, including dopamine 15 µg/kg per minute or dobutamine 10 µg/kg per minute (1, 29) . Systolic, diastolic
and mean blood pressure values were recorded by digital intra-arterial or external blood pressure using a M747 monitor (Meditec, London, UK). The blood pressure values that are presented in this study represent the average of three consecutive blood pressure recordings. Oliguria was defined as a urine output of <1 ml/kg/h, measured at four-hour intervals (1).
Group B neonates had manifestations of infection without circulatory collapse. During the 48
hours before blood sampling, the following were used as exclusion criteria: major surgery in the preceding week or major stress induced by medical procedures (16, 17) , a congenital anomaly (1), postnatal corticosteroid treatment before blood sampling (1) and a maternal history of endocrine disorders (1). A detailed history was taken and full clinical examinations were performed on each patient.
Blood sampling and laboratory studies
Blood specimen of two millilitres was withdrawn from the venous line and serum was separated and frozen at -20 o C. The time of the day when the sample was collected was not expected to modify the results obtained due to the lack of circadian rhythm in neonates. An
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accounting for (24%) of the total isolates, followed by Pseudomonas (19.9%) and
Staphylococcus aureus (15.4%).
The near term and term patients with evidence of infection and shock were given intravenous infusions of fluids and vasopressors. Hypotension was defined as a mean blood pressure < 10% percentile for age. The patients that had low blood pressure despite a high dose of dopamine (15 µg/kg/min) or dobutamine (10 µg/kg/min) within one hour after the start of the infusion, were eligible to join study group A, while newborn infants admitted with suspected sepsis without refractory hypotension during the same period were considered eligible to join group B, to permit recruitment of matched controls. Table 1 shows the demographic characteristics of group A and group B. There were no significant differences between the groups in gestational age at birth, postnatal age, gender distribution or birth weight. The male to female ratio was 1.5 to 1.0 in group A and 1.6 to 1.0 in group B.
Levels of adrenal steroids
The concentrations of cortisol, cortisone and cortisol precursors were measured, as indicated. The levels of cortisol were clearly low in all neonates considering their critical illness. In contrast, most of the cortisol precursor hormones were at higher levels than expected, but there was a marked individual variation between the newborn infants. When we compared the vasopressor resistant and normotensive newborns, the cortisol concentrations did not differ significantly between the groups ( Table 2 ). As the enzyme activity of 3β-hydroxysteroid dehydrogenase (3β-HSD) may be impaired in infected neonates with circulatory collapse, the precursor hormones that are substrates for 3β-HSD were compared between the groups. Post 3β-HSD steroid hormones, namely 17-OHprogesterone and progesterone, were also examined. Interestingly, there were highly significant differences between the groups regarding the level of DHEA (p < 0.0001), 17
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hydroxy-pregnenolone (p < 0.0001) and pregnenolone (p < 0.05), suggesting a blockade in hormone synthesis in group A with circulatory collapse (Table 2 ). There was also a significant difference between the groups regarding the level of progesterone, suggesting a blockade in hormone synthesis in group A with circulatory collapse (p < 0.05). No significant differences between the groups were detected with regard to 17 hydroxy-progesterone, 11
deoxy-cortisol, cortisone and cortisol (p > 0.05) ( Table 2) .
In group A, no significant correlation was found between the weight of the neonates and any of the hormones. In addition, there were no significant correlations between the cortisol level and any of the other hormones using parametric correlation.
DISCUSSION

Understanding the pathophysiology of adrenal insufficiency in infected neonates is important
for improving treatment strategies. Therefore, in this study, the levels of cortisol and its precursors in a total of 60 term and near term newborn patients with infection were analysed.
We found that 30 of the neonates demonstrated evidence of circulatory collapse, despite the use of vasopressors, and the control group of 30 infants with similar birth weight and gestation at birth had signs and laboratory findings of infection without refractory hypotension. The cortisol concentrations in the study population were similar to healthy infants beyond the first week of life (19) (20) (21) , which was rather unexpected since critically ill patients have been found to have higher cortisol concentrations than healthy individuals (22) . In addition, serum cortisol concentrations did not differ between the groups. However, we found that the newborn infants diagnosed with treatment resistant hypotension had a significantly higher accumulation of cortisol precursors prior to the action of 3-betahydroxysteroid dehydrogenase (3β-HSD) activity.
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